Objective-To test for a significant association between air pollution and emergency hospital admissions for circulatory diseases (international classification of diseases-9 390-459) in London, England, that would be consistent with a causal effect of pollution on the previous day. 
SO2 P=0.0006, 1.7% (0.7% to 2.6%). There were also associations between black smoke and angina (P=0.02), NO2 and arrhythmia (P=0.04), and CO and other circulatory diseases (P=0.004), but none with heart failure. Acute myocardial infarction was the only diagnosis for which there were significant associations with and without adjustment for cyclical terms. The associations with acute myocardial infarction were significant only in the cool season.
Conclusion-Population data were consistent with 1 in 50 heart attacks currently presenting at London hospitals being triggered by outdoor air pollution. Further research is now needed to investigate whether background concentrations of black smoke, NO2, CO, and SO2 are a preventable cause of myocardial infarction. These results, if applied to all myocardial infarctions in the United Kingdom, indicate a potential saving of 6000 heart attacks a year.
(Occup Environ Med 1997;54:535-540) Keywords : air pollution; carbon monoxide; acute myocardial infarction Biological mechanisms by which air pollution at current levels might cause morbidity and death are speculative, but inflammation of the airways may be a common pathway for several pollutants including particulate matter,' and carbon monoxide (CO) reduces the oxygen transport capability of haemoglobin. Statistical associations between levels of air pollution currently experienced in cities and daily counts of mortality have been explored in more than 30 studies, and reviewers agree that the data indicate a consistent positive association." Hospital admissions for respiratory and cardiovascular diagnoses not restricted to emergencies, and also emergency room use, show consistent associations with air pollution as reviewed by Lipfert .' The diagnosis of the cause of emergency admission to hospital, as confirmed at discharge, is likely to be more closely related to a mechanism by which pollution might act than the underlying cause of death from the death certificate, and will relate to more serious conditions than non-emergency admissions or emergency room visits. We therefore studied emergency admissions to London hospitals 1987 20 days, cyclical trends made up of pairs of sine and cosine terms for all integer frequencies over the seven years from two to 127-that is, with wave lengths from 3.5 years down to 20.1 days-were included in the model.
The 126 pairs of cyclical terms, but not the other terms, were eligible for elimination from a multiple linear least squares regression model without autoregressive terms by an automated step down variable selection procedure. The least significant pair was eliminated iteratively unless the step down Ftest gave a P value <0.01.
The cyclical components were determined once only for each diagnostic group, and were not dependent on meteorological or pollution data. There were no missing data associated with modelling calendar terms.
Temperature, humidity, and pollutant were included in the models as untransformed linear terms lagged by one day as suggested by earlier work,8 10 12 and six autoregressive terms were included to reduce the effect of correlated errors within weeks.
Single pollutant Poisson models were analysed for each of the eight groupings of emergency admissions. In keeping with other reports a pollutant was said to be significantly associated with admissions if P<0.05, without adjustment for the number of tests, which remained large even though we used a specifc lag.
When there was a significant association in the full model, we were concerned that this might have arisen as an artefact of the complex modelling. We tested for the presence of an association in the same direction in a partial model. Temperature, humidity, and long term trends on the scale of one year were retained in the partial model, but the cyclical components were not, thus testing for the presence of a significant association before allowing for covariation in admissions and pollution over 20 days to one year. For the partial model, the significance test for pollutant was also simplified from a test for a marginal explanatory term in multiple non-linear Poisson regression with overdispersion to a simple test for univariate Pearson correlation of the pollutant with the residuals from a least squares regression of log count.
Further analyses were performed only for the diagnostic grouping, acute myocardial infarction, which had the most consistent associations with pollution. The effect of a warm season, April to September inclusive, and cool season on the relation of admissions to pollution was studied in single and in two pol- Acute myocardial infarction alone among the diagnostic subgroups was associated with more than one pollutant. (table 2) . 13 The sum of the differences converted to a percentage of admissions (95% confidence limits (95% CIs)) were: 03 -1.0% (-2.8% to 0.8%), S02 1.7% (0.6 to 2.6), CO 2.1% (0.7 to 3.5), black smoke 2.5% (0.8 to 4.3), NO2 2.7% (0.8 to 4.6).
ACUTE MYOCARDIAL INFARCTION, SEASON, AND TWO POLLUTANT MODELS
As acute myocardial infarction was the only diagnosis for which the results were consistent between full and partial models, we examined for acute myocardial infarction only the influence of a cool (October to November) and warm season (April to September). Single pollutant and then two pollutant Poisson models were used. In the single pollutant models, as before, all four pollutants other than 03 were significant; however, they were only significant in the cool season and not in the warm season (table 4). In two pollutant models, again 03 was not significant. All the other pollutants were significant in combination with 03, but in the cool season only. Only SO2 was significant with a pollutant other than 03. 52 was significant with all the other pollutants (NO2 P=0.033, CO P=0.021, black smoke P=0.03 1), but again only in the cool season.
Discussion
The evidence from previous studies for a consistent association between 0, and circulatory disease is weak, and for a positive association it is weaker still. In the present data, there is a complete absence of an association with 03 compatible with cardiovascular toxicity, and there is even a suggestion of a negative associ- ation. These findings are in agreement with those of Schwartz and Morris'4 who did not find an association with hospital admissions for people over 64 years old for ischaemic heart disease, heart failure, or arrhythmia, despite looking for an association with concentrations of 03 on the same day and up to two days before, adjusting for a warm season, and extensive modelling of temperature and humidity. No association of 03 on the same day and lagged by one and two days with all year circulatory deaths in London was found for 1987-92: for the warm season alone there was a significant positive association at lag 0, whereas the results for the few observations in the cool season were consistent with an effect of equal magnitude but in the opposite direction.8 Cardiovascular deaths in Lyon, France, were also not associated with 03 (estimated relative risk of 1). ' Admissions for heart failure under Medicare and 03 have been analysed from seven cities in the United States: two cities had positive associations, four had negative, and one had neutral; only the associations for New York and Los Angeles were significant (P<0.05), and these two results were in opposite directions."3
The balance of evidence for an association of black smoke with circulatory deaths is not strong, particularly in London, and this weakens the case for an association with acute myocardial infarction, which has a high immediate mortality. Black smoke and circulatory deaths were not associated in London for all year, cool season, or warm season.8 In Lyon there was also no significant association with particulate mater with an aerodiameter of < 13 gum (PM13),'5 and in Athens none for black smoke.'6 On the other hand there were significant positive associations of deaths in Philadelphia and Cincinnati with total suspended particles'7 18 and in Birmingham, United Kingdom with PM 10.'9 Cardiovascular morbidity, rather than mortality, has perhaps more consistent associations with particles. In Detroit, PM10 was associated with ischaemic heart disease in the >64 year age group, and in our London data with acute myocardial infarcShort term relation between outdoor metered air pollution and health. tion, angina, and all circulatory diseases, but in Birmingham there was no association with admissions for ischaemic heart disease.' An association with heart failure has been reported for elderly people,'4 but there was none in our data for all ages combined. In Beijing there was no association between mortality from pulmonary heart disease and total suspended particles. 20 We found an association between SO2 and acute myocardial infarction and all circulatory diseases. The partial model association with all circulatory diseases was, however, not significant and in the opposite direction, whereas it was significant and in the same direction for acute myocardial infarction. Again P=0.01, CO P=0.0005. There are published accounts from many cities of a lack of association of air pollution with cardiovascular deaths. Our data on all circulatory diseases and diagnostic subgroups, other than acute myocardial infarction, are consistent with those conclusions. For acute myocardial infarction, however, our positive associations for black smoke, NO2, and SO2 with emergency admissions are hard to reconcile with a lack of association with circulatory deaths;8 although for acute myocardial infarction the time to emergency hospital admission compared with the time to death is likely to be less variable in relation to a provocation-such as air pollution-and is probably therefore a more sensitive outcome.
Significant associations might, however, arise solely because factors that affect the clearance and creation of air pollution-such as the weather and driving motor vehiclesalso have a direct effect on human behaviour and on acute health outcomes (figure). Although we have modelled temperature and humidity, there are other factors-for example, wind and rain-which affect air pollution and also affect the amount of physical exercise taken and the duration of time spent outdoors, where levels of air pollution are generally different from indoors. With so much potential for confounding, and with a good many conflicting results to be found in the scientific literature, we chose to place the statistical emphasis on the direction and consistency of the relations (P values) rather than on estimat-ing the size of effects from the models which produce the largest effects, as has usually been done.
The present results for CO taken with the dearth of published studies relating it to cardiovascular disease in general and acute myocardial infarction in particular make a case for further study of CO. Average concentrations over one hour at a kerbside monitor can reach 25 ppm.23 Breathing CO at 50 ppm for one hour increased carboxyhaemoglobin by a factor of two, and reduced symptom limited exercise capacity in patients with stable angina pectoris as reviewed by Strom et al. 24 Thus the risk of myocardial ischaemia when pushing a lawn mower or shovelling snow25 is increased by the proximity of an internal combustion engine. We have shown that fluctuations in background concentrations of CO are an additional risk factor for myocardial infarction in the population, and this effect could be due to an increased risk of infarction during exercise when environmental concentrations of CO have risen within the preceding 24 hours.
All the results for 03 were not significant. For the other pollutants the only consistent associations were with acute myocardial infarction. Biologically plausible mechanisms have been advanced by which emissions, mainly from motor vehicles, might trigger circulatory disorders. Our results strengthen the case for the existence of a causal link with myocardial infarction. 
